During an ionospheric heating campaign carried out at the European Incoherent Scatter Scientific Association (EISCAT), the ultra high frequency incoherent scatter (IS) radar observed a systematic variation in the altitude of the high-frequency enhanced plasma line (HFPL), which behaves depending on the pump frequency.
The oscillation two stream instability (OTSI) and the parametric decay instability (PDI) have been extensively investigated [Silin 1965; Goldman 1965, 1967; Perkins and Flick 1971; Rosenbluth 1972; Drake et al.,, 1974; Perkins, et al.,, 1974; Kuo and Cheo 1978; Wu et al.,, 2006; Wu et al.,, 2007) . As the signatures of the PDI and OTSI, the high-frequency enhanced plasma line (HFPL) and the high-frequency enhanced ion line (HFIL) are observed by the incoherent scattering (IS) radar during the ionospheric heating campaign. Using those observations of IS radar, the IS spectrum (Kuo and Fejer, 1972; Stubbe et al., 1992; Kohl et al., 1993; Carlson et al., 1972; Gordon and Carlson,1974; Kantor, 1974; Hagfors et al., 1983; Dubois et al., 1988; Nordling et al., 1988 ; Stubbe et al., 1985) , the pump threshold for the PDI and OTSI (Fejer, 1979; Bezzerides and Weinstock, 1972; Weinstock and Bezzerides, 1972) , the temporal properties of the PDI and OTSI (Kohl et al., 1993; Gordon and Carlson, 1974; Kantor, 1974; Stubbe et al., 1985; Carlson et al., 1972; Jones et al., 1986 ) and the altitude properties of the HFPL and HFIL (Stubbe et al., 1992 ; Kohl et al., 1987 Kohl et al., , 1993 Djuth et al., 1994; Ashrafi et al., 2006; Wu et al., 2017a Wu et al., , 2018b were examined.
The enhanced Langmuir wave and ion acoustic wave are usually excited in the altitude range from the reflection altitude of the pump to the altitude where the heavy Landau effect on Langmuir wave may take place (Stubbe et al., 1992) . However, the enhanced Langmuir wave and ion acoustic wave can't be observed by IS radar in the exciting altitude range, but at an altitude where the Bragg condition is satisfied (Stubbe et al., 1992; Kohl et al., 1987 Kohl et al., , 1993 . Some usual observations of the ultra high frequency (UHF) radar at European Incoherent Scatter Scientific Association (EISCAT) show that the HFIL altitude is about ~ 3 km -~ 5 km higher than the HFPL altitude (Stubbe et al., 1992; Kohl et al., 1993) . Additionally, the altitude extending of ~ 3 km -~ 5 km frequently appears in the power profile of the HPIL, but does not in the power profile of the HFPL (Stubbe et al., 1992; Kohl et al., 1993) . Moreover, some observations at EISCAT illustrated that a descent in the altitude of the plasma turbulence took place over tens of seconds after the pump on, which was most likely attributed to the modification in electron density by the ionospheric heating (Djuth et al., 1994) . UHF radar at EISCAT observed the descent in the HFIL altitude from ~ 230 km to ~ 220 km within ~ 60 s, which was also attributed to the modification in electron density (Ashrafi et al., 2006) . Although those variations in the HFPL and HFIL altitudes were attributed to the enhanced electron temperature and the modified electron density, the dominant one of which was not clearly identified (Wu et al., 2017a) . Furthermore, it was identified that the enhanced electron temperature dominated over the modified electron density in the variation in the HFIL altitude (Wu et al., 2018b) . As a further work, this paper examines the variation in the HFPL altitude in more detail. Indeed, the dispersion behavior of Langmuir wave is very different from that of ion acoustic wave.
Experiment and data
An ionospheric heating campaign was performed at EISCAT at 12 Wu et al., (2016 Wu et al., ( , 2017b . Briefly, the EISCAT heater (Rietveld et al., 1993 (Rietveld et al., , 2016 radiated the O mode pump in the frequency band of 6.7
MHz -7 MHz, and the UHF IS radar was operated as the leading diagnostic means.
The pump frequency represents the electron gyro-frequency (Wu et al., 2016 (Wu et al., , 2017a (Wu et al., , 2017b (Wu et al., , 2018a (Wu et al., , 2018b (Wu et al., , 2019 . For instance, in the 1st heating cycle, the HB is set as 7 MHz -~ 6.871028
MHz, the GB as ~ 6.868224 MHz -~ 6.837383 MHz and the LB as ~ 6.834579
MHz -6.7 MHz, which temporally correspond to the time intervals of 12:30:00 UT T T depends on the dispersion behavior of the excited upper hybrid waves at the upper hybrid altitude (Wu et al., 2017b) , where is ~ 2 km -~ 10 km below the reflection altitude of the pump (Gurevich, 2007) . N N should not correspond to the real enhancement in the electron density, but to the HFIL excited by the PDI and OTSI (Wu et al., 2017b) . On the other hand, no apparent enhancement in the high background electron density and the ambiguity of radar measurement (Wu et al., 2017b) . Additionally, the enhanced In summary, Figure 1 shows that (1) the HFPL altitude in the 1st heating cycle is far lower than that in the 2nd, 3rd and 4th heating cycles; (2) interestingly enough, those HFPL altitudes in the GB and HB systematically vary with HF f , that is, the HFPL altitude in the HB is slightly lower than that in the GB. Additionally, Figure 2 implies that also systematically varies with 
Discussion
OTSI and PDI can be excited in the altitude range of (Stubbe et al., 1992) 0 the exciting altitude of the PDI and OTSI. For a typical ionosphere, due to the monotonous change in the profile of below the ionospheric peak, in the HB should be higher than that in the GB. In Figure 3 , it is evident that 
T T T T 
as shown in Figure 2 . As a result, the HFPL altitude in the HB should be lower than that in the GB as shown in Figure 1 . was not modified by the ionospheric heating. Indeed, it is difficult to measure the slight modification in electron density due to (1) is much variable in space and time, and (2) the artificial modification in is relatively small (Rietveld et al., 2003) . Also, Figure 3 really exhibits that no real modification in 
Conclusions
A systematic variation in the HFPL altitude induced by the pump near the 5th
gyro-harmonic at EISCAT, is paid attention. The IS radar observation demonstrates that the HFPL altitude and the electron temperature behave as a function of the pump frequency. More specifically, when the pump frequency approaches the 5th gyro-harmonic from below, the electron temperature is somewhat enhanced, and the HFPL is observed at an altitude as expected. When the pump frequency sweeps above the 5th gyro-harmonic, however, the electron temperature is prominently enhanced, and the HFPL altitude slightly plunge downward.
In conclusion, the HFPL altitude is dependent on the dispersion behavior of the enhanced Langmuir wave and the Bragg condition, and is determined by the profiles of the electron density and the enhanced electron temperature. When heating above the 5th gyro-harmonic, the HFPL altitude plunge downward owing to the thermal effect of ionospheric heating on the traveling path of the enhanced Langmuir wave. In other word, when the pump sweeps above the 5th gyro-harmonic, the IS radar should observe the enhanced Langmuir wave at an lower altitude, where the low electron density can compensate the remarkably enhanced electron temperature so that the Bragg condition can be satisfied, as expected by the dispersion relation of Langmuir 
